(12) United States Patent 

Purcell et al. 



ii iiiiiiniii ii 111191 

US006227643B1 

(io) Patent No.: US 6,227,643 Bl 
(45) Date of Patent: May 8, 2001 



(54) INTELLIGENT PRINTER COMPONENTS 
AND PRINTING SYSTEM 

(75) Inventors: David A. Purcell; Richard A. Murray; 

Dan J. Dull, ail of San Diego, CA (US) 

(73) Assignee: ENCAD, Inc., San Diego, CA (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/030,631 

(22) Filed: Feb. 25, 1998 

Related U.S. Application Data 

(60) Provisional application No. 60/047,304, filed on May 20, 
1997. 

(51) Int. CI. 7 B41J 29/38; B41J 29/393 

(52) U.S. CI 347/19; 347/14; 347/19 

(58) Field of Search 347/14-23 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,268,861 5/1981 Schreiber et al 358/138 

4,500,919 2/1985 Schreiber 358/78 

4,509,057 4/1985 Sohl et al 347/19 

4,888,618 12/1989 Ishikawa 355/208 

4,990,004 2/1991 Kawahara et al 400/56 

5,049,898 9/1991 Arthur et al 347/19 

5,056,042 * 10/1991 Lieb 364/519 

5,160,938 11/1992 Fargo et al 347/19 

5,185,673 2/1993 Sobol 358/296 

5,212,546 5/1993 Arazi et al 358/80 

5,227,809 7/1993 Carpenter et a 1 342/179 

5,285,297 2/1994 Rose et al 358/518 

5,289,208 2/1994 Haselby 347/19 

5,339,176 8/1994 Smilansky et al 358/504 

5,345,315 9/1994 Shalit 347/19 

5,414,452 5/1995 Accatino et al 347/7 

5,428,379 6/1995 Kaneko et al 347/23 

5,439,302 8/1995 Andou et al 400/124.07 



5,488,396 1/1996 Burke et al 347/37 

5,491,540 2/1996 Hirst 355/200 

5,513,017 4/1996 Knodt et al 358/471 

5,518,324 5/1996 Campbell et al 400/56 

5,519,419 5/1996 Stephany et al 347/14 

5,530,460 6/1996 Wehl 347/19 

5,566,372 10/1996 Ikeda et al 355/208 

5,585,825 12/1996 Kneezel et al 347/14 

5,592,202 1/1997 Erickson . 

5,600,350 2/1997 Cobbs et al 347/19 

5,608,430 3/1997 Jones et al 347/8 

5.610.635 * 3/1997 Murray et al 347/7 

5.610.636 3/1997 Hanabusa et al 347/8 

5,617,516 4/1997 Barton 395/113 

5,646,660 7/1997 "Murray et al 347/59 

5,672,020 ♦ 9/1997 Leonard et al 400/690.4 

5,812,156 9/1998 Bullock et al 347/19 

6,000,773 12/1999 Murray et al 347/7 

FOREIGN PATENT DOCUMENTS 

0 412 459 A2 2/1991 (EP) B41J/2/175 

0V 571093 * 11/1993 (EP) G06K/19/07 

0 668 165 A2 2/1995 (EP) B41J/2/17 

62-158049 7/1987 (JP) B41J/3/04 

WO 94/11846 * 6/1994 (WO) G06K/19/077 

WO 96/14989 * 5/1999 (WO) B41 J/1 1/00 

* cited by examiner 

Primary Examiner— John Barlow 

Assistant Examiner — Alfred Dudding 

(74) Attorney, Agent, or Firm — Knobbe, Martens, Olson & 

Bear, LLP 



(57) 



ABSTRACT 



An ink jet printer with intelligent components includes an 
ink jet cartridge and a roll of print media, each of which 
incorporate memory elements. Environmental sensors such 
as temperature and humidity sensors may also be provided. 
Data from the memory elements and environmental sensors 
is used to optimize printer operations, and to provide addi- 
tional information to printer operators. 

10 Claims, 9 Drawing Sheets 
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INTELLIGENT PRINTER COMPONENTS and media characteristics as well as environmental param- 

AND PRINTING SYSTEM eters to automatically adjust aspects of the printing process 

in order to maximize print quality and optimize print speeds 

RELATED APPLICATIONS while reducing the required set up time and user training and 

This application claims priority under 35 U.S.C. §119(e) 5 educatl0n< 
to Provisional Application Serial No. 60/047,304, filed May In one advantageous embodiment, the roll of media to be 

20, 1997, entitled "Intelligent Printer Components and Print- P nnted 0D has embedded intelligence in the form of a 

ins System". The provisional "Intelligent Printer Compo- memory eleiIlsnt > and tnc invention comprises an ink jet 

nents and Printing System" application is hereby incorpo- P nnter havi . n S a roll . of media mounted thereon, wherein the 

rated by reference in its entirety. 10 ro ^ °^ mecua comprises a memory element. Because the roll 

of media is in motion during the printing process, the 

BACKGROUND OF THE INVENTION memory element on the media roll holder advantageously 

comprises a writable RF identification tag embedded in an 

1. Field of the Invention i nsert attached to an end of the roll holder. This eliminates 
The invention relates to ink jet printers and consumable 15 any need to form electrical connections between an inte- 

components used with them. grated circuit memory element and the printer electronics. 

2. Related Art An RF transceiver incorporated into the printer reads the 
Recently, ink jet printers have become widely used in the Mormati ° n coded 1x1 me i d entification tag and writes infor- 

graphic arts industry. This has been mainly due to continuing 9n matl0n ab ° ut media ™ 10 th f e identification tag. The 

increases in quality and throughput achievable with ink jet ™mory element may store information regarding compat- 

printers at a cost which is competitive with more traditional *ihty with certain inks, the amount of media remaining, and 

graphic arts production processes. the thickness of the media - This information, which is made 

- . * * j **l j-rc cc available to the printer in accordance with some embodi- 

It can be appreciated that many different parameters affect ments of the { invemi ides the d fof 

the prat quality achievable in ink jet printing. These param- 25 automatic inter optimizations which were piously 

eteis include ambient environmental conditions such as unavailable 

temperature and humidity. Also, the type of ink and type of ...... ,, • . . 

media affect the results of the print process. In currently Additionally, • pnnter according to the present invention 
available ink jet printers, the user must consider these may '"dude environmental sensing devices such as a tern- 
various parameters and adjust printer operation accordingly 30 pe " tUre and / 0r hum,dlty J sens ? r - From mls information, dew 
in order to maximize print quality. Although an experienced P°""y »* calculated, and suitable print speeds derived 
user of such printers can produce high quality prints, and form the calculated dew P°"«. 

maximize print speeds, considerable training and experience The intelligent components may also include one or more 

is required to optimize print operations. replaceable ink jet cartridges each having a memory element 

Some efforts have besn made to address this problem. For 35 wi * |f onnation stored therein When combined with an 

example, a small amount of intelligence has been built into embedded memory element in the roll of media to be 
ink jet printer components, most commonly the ink cartridge T*?*^ ™y be judged. 1° addition 

itself. In these systems, information such as ink color, wth ' nfonnat t°° ab ™t the ink, media, and environmental 

remaining ink volume, nozzle information, etc. is provided C ° nd ' T' * * P aram / ,ers CM ^ aut0maticall y 

to the printer from a memory element on the ink cartridge 40 ad J usted t0 °P llmize P nnter performance without user inter- 



itself. 



, . . .. . i.j . r I" one embodiment, the memory element is a mu ti-bit 

In some proposed printing systems, selected aspect of a u:„„,„,wu «„ , „' . ......... 

• . , c .• . .. ■■ . j\_ . binary code formed by traces on a flex circuit attached to the 

printer's configuration are automatical ycontroUed based on •„,,•:. , • A n.- . . 1 • . ' , 

sensed environmental conditions. One such system is £? ' T * *• "T^ T °5 

described in U.S. Pat. No. 5,617,516 to Barton In this « J™^ j !? ^ al . 'X tensive to p roduce and 

patent, some "operational subroutines" such as the fre- ^smoduicatioDStoexistmgir^jet cartndges wh^ 

r ■ a. j • • j« * j j 1 not significantly impact the interface between the ink iet 

quency of pnnthead wiping and flushing are varied depend- j #u • * ■ *♦ * « 

• v . 4 * j u -j? 1 ti o n cartridge and the print carnage it mounts to. 

ing on current temperature and humidity values. U.S. Pat. . & 

No. 5,428,379 to Kaneko, et al. describes a system using , In another embodiment of the invention, the memory 

fuzzy logic to control printer operation in accordance with 50 element 0D . the . ink J et cartnd S e 15 integrated circuit 

several sensed parameters memory which interfaces with printer electronics with a two 

wire connection. This embodiment allows a much wider 

SUMMARY OF THE INVENTION range of information to be stored in the memory element. 

Preferably, the mounting of the memory element is such that 

The present invention includes a printer having one or 55 a conductive connection between the memory element and 

more intelligent components. With this system, the interac- the printer electronics is created automatically when the 

tion between the ink, the media being printed on, and the cartridge is installed in a "drop & click" type cartridge 

environment are more fully addressed. Furthermore, the receptacle on a print carriage. Accordingly, the memory 

present system provides the user with desirable information element may be mounted on a dedicated section of flex 

regarding the status of the print job being performed, pro- 60 circuit which is secured to a face of the ink jet cartridge 

ducing a more comprehensive printer optimization system which interfaces with a mating segment of flex circuit 

than has been previously available. secured to the print carriage. In such an embodiment, 

The intelligent components advantageously allow auto- mounting is accomplished to minimize mechanical interfer- 

matic and/or easy manual printer optimization as well as ence between the memory element and the print carriage 

feedback to the printer operator regarding print status, run 65 when the cartridge is installed. 

time, etc. A printing system according to one aspect of the Advantageously, a variety of optimizations may be per- 

present invention thus retrieves information concerning ink formed in an ink jet printer according to the present inven- 
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tion. Information regarding media can allow for adjustments The sunport structure 20 is mwt«* »« «h- 'o~ 1 " r* 

in print carnage height, or can provide a basis for print data the housing 12 with sufficient cfear"ancV between m^pla'ten 

modification to correct for color aberrations produced by 18 and the support structure 20 along a central portion of the 

using diflerent substrate colors. Also, ink/media mismatches platen 18 to enable a sheet of paper which is to be printed 

can be detected and an operator warned before proceeding. 5 on to pass between the platen 18 and the support structure 

BRIEF DESCRIPTION OF THE DRAWINGS S^hfE 1 H ^ f ^TT ? ^ dn ' can ff 22 

. aoove tne platen 18. The support structure 20 includes a 

FIG. lis a perspective view of several structures of an ink S 111 ^ rod 24 and a coded strip support member 26 "osi- 

jet printer. tioned parallel to the longitudinal axis of the housing 12/liie 

FIG. 2 is a schematic/block diagram of one embodiment 10 height of the carr iage 22 above the print media is preferably 

of an ink jet printer according to one aspect of the present controlled to a tight tolerance. Accordingly, ink jet printers 

invention, have been constructed to allow for manual or automatic 

FIG. 3 is a perspective view of a portion of a cartridge ^i™ 1 ™™ 1 of carriage 22 height above the platen 18 in 

including a memory element according to one aspect of the ° ? !? accon J modate different paper thicknesses, and one 

present invention. is embodiraent of a printer according to the present invention 

RG. 4 is a perspective view of a portion of a second ^ ad j ustabi ^. , j 

embodiment of a cartridge including a memory element ! ^T,?™^ 2 mdudeS a plurality of P™* 1 

according to one aspect of the present invention cartridge holders 34 each with a printer cartridge 40 

according to one aspect of the present invention i P I g ! 22 > l ? D 2 tb<> g uide rod 24 

pir t ,c . . • e o mvenuon. t0 define a linear th as shown b h bid rectional arrow 

RG. 6 is a top view of a flex circuit adapted for attach- in FIG. 1, along which the print carriage 22 moves. A motor 

fl T Ca , ma8e mClUd,ng 8 u W u WirC eleClrical (not shown ) and drive belt mechanism 38 are used to drive 

mSiLSiKnaT ° n W1 6 mem ° ry ele " 25 the prim carriage 22 along ,he guide rod 24 - 

me ™J " srae ln ; ■ In a printer such as is illustrated in FIG. 1, many different 

ua I " S . a F |i rspec !' ve Vlew of a P rinl carriage showing parameters affect print quality. These include ambient envi- 

% e£ P 7 t ?7 ge rece P tacle havin S the flex circuit ronmental conditions such as temperature and humidity 

of FIG. 5 attached thereon Also, the type of ink and type of media affect the results of 
HO. 8 is a front view of the print carriage of FIG. 6. 30 the print process. As mentioned above, in currently available 

FIG. 9 is a perspective view of an end of a roll of paper ink jet printers, the user must consider these various param- 

media incorporating an embedded memory element. eters and adjust printer operation accordingly in order to 

DETAILED DESCRIPTION OF THE maximize print quality. This requires a considerable amount 

INVENTION ? ,ramm 8 and experience. It would therefore be desirable to 

n_ * j ... ,. . 35 incorporate into the printer itself sensing devices and intel- 

he^ fr h T ntS ° f tbe l KSeM inVen,i0D WU1 D0W ligem components which communicate with electronics in 

be descr bed with reference .0 the accompanying Figures, the printer so as .0 automatically configure the printed 

S^Z^ b ^H to ^? bmMte,b ^ , ^ 0U, ■. T, ? °P toal °P^°°-F°-xam^^ 

r„H e J ,fh, f ! • ! C K P "°, n PfeSCnted _, herein iS tem P~ e a "<i humidity, as well as information about ink 

% T^lrl H m ltS br0adeS l reaS0Dab J le manner 40 and media "n allow automatic calculation of appro- 

m accordance with its ordinary use m the art and in accor- priate ink densities, print speed, print carriage height ink dry 

dance with any overt definitions provided below. rate, and appropriate cutting pressure for an Sal medk 

The present inventions advantageously applied to Inkjet cutting knife (not shown in FIG. 1). Optimal operatine 

printers. Accordingly, an overall description of a typical parameters which are normally a part of an experienced 
contemporary large format ink jet printer as manufactured 45 users knowledge base, can be effectively programmed into 

by Encad Inc., assignee of this patent application, is first the printer itself. In some preferred systems, this information 

described with reference to FIG. 1. Referring now to this can be coupled with information about the print data itself to 

Figure, a printer carnage assembly 10 is supported on the produce additional information useful to the printer operator 

top face of a printer housing 12, which is a part of a typical such as job costing, print times etc 

hX^Jf* h r SiD8 12 * SU , PPOrted , ^ J P3ir ° f 1CgS 50 IUuSlra ' ed m FIG " 2 * a schematic/block diagram of one 

(not shown) and encloses various electncal and mechanical embodiment of an ink jet printer incorporating the above 

components related to the operation of the printer/plotter described features. I. will be appreciated by those of sSL 

A 06 - c 11 1 „„ 'he art that individual ones of the features illustrated may be 

A pair of roll holders 14 are mounted to a rear side 16 of separately utilized to improve at least some aspects of 

the housing 12 and are slidable to accept media rolls of ss printer performance 

I™ 11,e - roU of continuous print media (not Referring now to FIG. 2, a host computer 50 communi- 

shown m this Figuie) is mounted on the roll holders 14 to cates with a processor 52 integral with the ink jet printer. Ink 

nrin^/ntT SUPPly *J*XS ^ to ^ jet printer components illustrated schematically in FIG. 2 

printer/plotter carriage assembly 10. Otherwise, individual including the components inside the dashed line 54. The host 

sheete of paper may be fed into the rear side 16 of the 60 computer runs driver software which issues print commands 

housing as needed. Aportion of a top side 17 of the housing and sends data ,0 the ink je, printer. As in JonveniZS 

12 forms a platen 18 upon which the printing/plotting is jet printers, the processor 52 communicates with a display 

performed by select deposition of mk droplets onto the and keypad 56, memory 58, and drive circuits 60 which 

KJ5 T' 15 8 fr ° m ™ T SidC 16 ° f ** C ° mr0i ,he P rinl carria S e motor 62 a °d P a Per motor 63, as 

^^M^'F^n^njri^tevtan « well as an automatic cutting knife 64, a fan 66, a dryer 68 

the L, P « 1 y WblCh SP3Ced al ° Dg and 3 C3rriage height ^ 69 In add i«on. 'he pressor 

e piaien is. 52 routes signals , 0 prin[ , ogic J(j wbkh ac(uates tfae 
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nozzlesof the jet plate 72 of each Inkjet cartridge, illustrated (not shown) connect the je! plate 72 to contacts 97 which 

in FIG. 2 by dashed line 74. In many embodiments of the mate with contacts on the print carriage so as to connect the 

present invention, the printer will include four ink jet printer electronics with the jet plate. In the embodiment 

cartridges, only one of which is illustrated in FIG. 2. The ink illustrated in FIG. 3, the memory element 78 comprises a 

jet cartridge 74 typically includes a small ink reservoir 75 in 5 multi-bit binary code defined by a trace configuration. In this 

fluid communication with the jet plate 72. This small res- embodiment, the memory element 78 comprises a first trace 

ervoir 75 may be in communication with a large remote ink 88 connected to the ground connection points of the jet plate 

reservoir 77. The large reservoir 77 may he integral with the drive circuitry. Four separate output pads 89 may be selec- 

printer housing, or may be a user replaceable reservoir tively connected to the grounded trace 88 via connection 

which allows swapping different ink colors or compositions. points 91 which may be left open or bridged with solder 

Many implementations of large volume ink reservoirs and during the manufacture of the ink jet cartridge. Alternatively, 

their interconnection to ink jet cartridges are known to those the pads 89 may be selectively connected to ground by 

of skill in the art. Some of these are described, for example, laying traces only between specific desired pads 89 and 

in U.S. Pat. No. 5,686,947 to Murray et al. and U.S. Pal. No. ground during the original manufacture of the flex circuit 

5,369,429 to Erickson. User swappable large volume reser- 15 100. 

voirs are described in Provisional Application Serial No. via a mating flex circuit provided on the carriage which 

60/036,547. The disclosures of each of these documents are i s described in more detail below, the output pads 89 are 

hereby incorporated by reference in their entirety. connected to four lines inside the printer which are tied to a 

In addition to the items set forth above, the processor also positive potential through pull-up resistors. Thus, depending 

advantageously interfaces with environmental sensors 76, 20 on which pads 89 are pulled to ground with a connection to 

which preferably include either or both a temperature and a the grounded trace, different four bit codes are delivered to 

humidity sensor. One embodiment of the temperature sensor the printer electronics. This allows classification of cartridge 

is an electronic temperature sensor which has a digital into sixteen different types. In some advantageous 

output indicative of the temperature of the device. Suitable embodiments, the sixteen different codes represent different 

temperature sensors of this nature are commercially avail- 25 characteristics of 



able from Dallas Semiconductor as, for example, part num- may .ineludejteoloM or 
» . , . i i .-j.**.. ^r**^^ 



ber DS1820. Measuring both temperature and humidity omariieljllofv^ 

allows a computation of the dew point at print time, and this cartridge jjarite four 

allows a computation of ink dry time, which in turn can be b^code.jI|^UMIs6 appreciated that several alternative 

used to set print speed such that adequate drying time is 30 traqb^cdiS^ codings are possible in 

allowed for each print pass of the carriage 22 across the view^o^^^^^ includ- 

media. ing more or fewer bits^ifferent detectionJeircuits, etc. 

In addition, the processor preferably communicates with Referring now to FIGS. 4 and 5, an ink jet cartridge 
a memory element 78 on each ink jet cartridge 74, a memory incorporating a memory element comprising a memory 
element 79 on each large vojume; ihk ^eser\'oir 77, and a 35 integrated circuit is illustrated. In this embodiment, a second 
memory clementSO^attaehed to the rbUiOf media (indicated piece of flex circuit 102 provides a mount for the memory 
by dashed line 81 on FIG. 2) being-used to supply the element 78. Formed on the second flex circuit 102 are 
substrate being printed on. The informati^^fem the conductive traces 103 forming a two wire interface with the 
memory elements is communicated to the l^f^gpr via memory element 78. As has been mentioned above, in some 
communication links 81 r 82, and 83, *whieh|fei^y take a 40 advantageous embodiments of the present invention, the 
variety^'fdrnis;^ below memory element 78 has only two electrically active 
with reference to FItjSl3 through 5, themembry element on terminals, one comprising' a signal terminal, and one com- 
the cartridge may. comprise simply "a trace configuration on prising a ground terminal. Memory elements which are 
a flex circuit provided on the ;mk jet ^^Hd^^In this suitable for use in some embodiments of the present inven- 
embodiment, the trace con^^^^^^^^^affmiilti'bit 45 tion are commercially available, for example, as.part number 
binary code which mayi^ processor. DS2430A from Dallas Semiconductor of Dallas, Tex. These 
Alternatively, the irie'rriol^ comprise an inte- devices include 256 bits of EEPROM memory which is 
grated circuit memory which may interface with the pro- serially written to and read from over the one signal terminal 
cessor via a two wire electrical interface which allows both provided. These devices also include a 48 bit serial number 
reading from and writing to the memory element J$ by the 50 so that individual memory elements can be connected in 
processor 52l^^ the parallel to a single signal line and addressed separately by an 
memory element 79 on'theiaj^^vblume ink reservoir 77. external device. Thus, a single two wire bus can be used to 
Because the roll of media on the printer is in motion communicate in parallel with each of the plurality of car- 
during the print process, the interface to the memory element tridges provided on the ink jet printer. 
80 on the media roll advantageously includes a wireless link 55 FIGS. 4 and 5 illustrate different orientation of the flex 
84 which is driven by RF transceiver circuitry' 86 integral to circuit 102, depending on the configuration of the cartridge 
the ink jet printer stand (not shown). This and alternative receptacle of the print carriage. In the embodiment illus- 
interfaces to the memory element 80-on the roll of media are trated in FIG. 4, the flex circuit 102 is adhesively secured 
described in more detail below with reference to FIG. 9. horizontally so as to extend across the rear surface 96 of the 
A perspective view of a portion of an ink jet cartridge 60 cartridge 90, and the memory element comprises an unpack- 
according to one aspect of the present invention is shown in aged die which is mounted to the flex circuit 102 and 
FIG. 3. An ink jet cartridge 90 includes a housing 92 having connected to the two wire interface. In the configuration 
a bottom surface 94 which provides a mounting surface for illustrated in FIG. 5, the flex circuit 102 is mounted 
the jet plate 72 (also illustrated in FIG. 2). The jet plate 72 vertically, and the memory element 78 comprises a low 
is connected to a piece of flex circuit 100 which extends 65 profile surface mount package which is soldered to pads on 
from the bottom surface 94 of the cartridge 90 around a the flex circuit 102. As will be explained in more detail 
corner to the rear surface 96 of the cartridge. Circuit traces below, these mounting methods help alleviate interference 
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problems which may arise from the physical presence of the 
memory element as the cartridge is attached to the receptacle 
of a print carriage. In both instances, the flex circuit 102 
includes two contacts 104 for establishing an electrical 
connection to memory element interface circuitry which is 
routed to the print carriage. 

Referring now to FIGS. 6 through 8 in addition to FIGS. 
4 and 5, the ink jet cartridge rear surface 96 includes a 
carriage interface portion 98, indicated in FIGS. 4 and 5 by 
a dashed line on the rear surface 96 of the cartridge 90. The 
carriage interface portion 98 of this flex circuit 100 makes 
contact with another flex circuit 110, illustrated in FIG. 6, 
which is mounted to the print carriage. The carriage 
mounted flex circuit 110 thus includes a printer I/O portion 
112 at one end, and a cartridge interface portion 114 at the 
other end, which is shown in FIG. 5 as bounded by a dashed 
line. In some embodiments of the present invention, the flex 
circuit 110 further includes an aperture or cavity 116 to make 
space for the memory element 78 when the cartridge 90 is 
installed in the carriage. The flex circuit 110 also includes 
traces which form a portion of the two wire interface 82, and 
contacts 118 which connects to the contacts 104 on the 
cartridge flex circuit 102 which includes the memory ele- 
ment 78. 

As shown in FIGS. 7 and 8, the flex circuit 110 is attached 
to the carriage such that the cartridge interface portion 114 
is on a vertical surface at the rear of the cartridge receptacle. 
The remainder of the flex circuit 110 is threaded through a 
horizontally extending slot 120 in the carriage so that the 
printer I/O end 112 of the flex circuit 110 extends out the 
back of the carriage to interface with the printer electronics. 
It will be appreciated by examination of FIGS. 7 and 8 that 
when the cartridge 90 is installed into the carriage, the 
carriage interface portion 98 of the flex circuit 100 on the 
cartridge will contact the cartridge interface portion 112 of 
the flex circuit 110 on the carriage. This operation will 
connect the jet plate 72 to the printer electronics, and will 
also connect the two wire interface contacts 118 on the 
carriage to the two wire interface contacts 104 on the 
cartridge 90. 

It can be appreciated that an integrated circuit memory 
element 78, being positioned on the rear surface 96 of the 
cartridge 90, could potentially interfere with the flex circuit 
110 to flex circuit 100 contact. FIGS. 4 and 5 illustrate two 
alternative methods of addressing this issue. In the embodi- 
ment of FIG. 4, the flex circuit 100 is mounted horizontally, 
and the memory element is placed so that it extends into the 
aperture 116 on the carriage flex circuit 110 when the 
cartridge and carriage are mated. It is accordingly preferable 
in this embodiment to additionally include an indentation or 
recess in the carriage body beneath the aperture 116 so that 
there is sufficient space for the memory element 78 to rest 
between the cartridge 90 and the carriage without affecting 
the flex circuit mating. In the embodiment of FIG. 5, the flex 
circuit is mounted vertically, and the memory element 78 is 
located above the carriage mating portion of the flex circuit 
100. In this embodiment, the memory element is positioned 
vertically so that it resides in the slot 120 above the flex 
circuit mating region when the cartridge is installed. In this 
embodiment as well, therefore, the memory element does 
not interfere with flex circuit mating when the cartridges 90 
are installed in the carriage. 

Of course, these techniques of avoiding mechanical inter- 
ference are not required for those cartridge embodiments 
having a trace configuration memory element as shown in 
FIG. 3. In these embodiments, the flex circuit 110 attached 
to the print carriage need only be provided with contacts 
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positioned to mate with the output pads 89 so as to receive 
the multi-bit binary code from the cartridge. In general, the 
space constraints are also less severe for the provision of a 
connection between the memory element 79 on the large 

5 volume reservoir 77 and the internal printer electronics. A 
flex circuit mating configuration may be used in a manner 
completely analagous to that described above with respect to 
the ink jet cartridges and the carriage. Alternativey, widely 
available miniature connectors could be mounted to the 

JQ housing of the large volume ink reservoirs 77 which mate 
with mating connectors on the printer when the reservoir 77 
is installed. 

Those of skill in the art will appreciate that many different 
types of information may be stored in the memory elements 

15 78 and 79. Information concerning cartridge volume, ink 
color and composition, as well as cartridge manufacturer 
identification and date of manufacture, may be stored. 
Special information concerning ink compatibility with vari- 
ous media types may also be included. With the provision of 

20 memory elements 78, 79 on both the large volume ink 
reservoirs 77 and the ink jet cartridges 74, the compatibility 
between large volume ink supply and the ink in the cartridge 
can be checked. Users may be warned in the event of a 
mistake in reservoir 77 or cartridge 74 installation which 

25 results in ink incompatibility. 

In preferred embodiments, the printer counts how many 
drops of ink have been ejected from the cartridge 74, and 
writes information to the memory element 78 on the car- 
tridge 74 indicating the amount of ink which has been used. 

30 This information can be used to indicate when the cartridge 
is approaching empty, or when it contains insufficient ink to 
complete the next print. In printer systems with large volume 
ink reservoirs 77 external to the cartridges, the information 
regarding the amount of ink expelled by the cartridge is used 

35 to determine if the jet plate quality has degraded to the extent 
requiring cartridge replacement, an event which occurs after 
excessive ink has been ejected from the cartridge. The 
printer could be configured to read the information from the 
cartridge memory element prior to each print, and prevent 

40 the initiation of any new print job if the information con- 
tained is incompatible with preprogrammed requirements. 

As described above, a significant feature of an embodi- 
ment of the invention is to provide the roll of media being 
printed with an associated memory element. As shown in 

45 FIG. 8, a roll of media 128 according to one aspect of the 
present invention includes the media 130, which may be 
paper, vinyl, textile, or any other printable material. The 
media 130 is wound onto a center tube 132, which is 
typically rigid cardboard. In one embodiment, a molded 

50 plastic roll insert 134 is slidably inserted into the end of the 
roll 128 and is retained there with a friction fit. The insert 
134 preferably includes an axially extending opening 136 so 
that the roll can be mounted onto a mandrel of the printer 
with the insert 134 in place on the end of the roll. The roll 

55 insert 134 may extend the length of the roll, or a second roll 
insert may be installed in the roll on the other side so that the 
diameter of the central opening in the roll 128 is the same on 
both sides. 

The insert 134 may include a flange portion 136 which 
60 abuts the end of the roll 128 when the insert 134 is installed. 
Preferably, the flange 136 incorporates a memory element 
140. One embodiment of the memory element 140 may 
comprise a two wire interface memory element similar in 
configuration to that described above which is mounted on 
65 the cartridge 90, However, because the media is in motion 
during the print process, this embodiment would also 
include a sliding or intermittent electrical contact between 
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Ihe stationary printer and the memory element on the 
moving paper. Such sliding contacts are not generally con- 
venient and can lead to reliability problems. 

Another embodiment of the memory element 140 may 
comprise a bar code label, although this alternative may be 
disadvantageous in that it is not a memory element which is 
capable of being written to when the roll is installed in a 
printer. 

Accordingly, in the preferred embodiments of the present 
invention, a wireless connection is made to the memory 
element. One preferred embodiment comprises an RF ID tag 
embedded within the flange 136 of the insert 134. Such a tag 
has the capacity for receiving and storing information from 
the printer, as well as transmitting preprogrammed or stored 
information to the printer, all without a mechanical connec- 
tion between the tag 140 and the stationary printer stand. The 
general properties of RF ID tags suitable for use with the 
present invention may be found in U.S. Pat. No. 4,857,893 
to Carroll and U.S. Pat. No. 5,528,222 to Moskowitz et al., 
the disclosures of each of which are hereby incorporated by 
reference in their entireties. In addition, commercial RF ID 
tags suitable for use as described herein are available from 
for example, as the MICROSTAMP (™), manufactured by 
Micron Communications of Boise Id. 

In one embodiment therefor, the stand (not shown) of the 
printer includes an RF transceiver (designated 86 in FIG. 2) 
which interacts with the memory element 140 as it passes by 
with each rotation of the roll 128. In some embodiments, the 
memory element could be a "passive" RF ID tag device. 
These devices interact with a magnetic field produced by the 
RF transceiver 86, and reflect a modulated signal which can 
vary depending on pre-programmed information stored in 
the memory element 140. The RF transceiver 86 receives 
this modulated signal and can -read the stored information by 
analyzing the reflected signalf Tfi^^system may be used to 
store information about'the media itself, including its type, 
coating information, color* Mckfe^ 
and manufacturing date, lot number, etc. This system has the 
advantage that such passive read only RF ID tags are small 
and inexpensive devices. 

The preferred embodiment includes a writable RF ID tag 
as the memory element 140. While such devices include 
more complex circuitry than the passive tags described 
above, they offer advantages such as storing information 
concerning the amount of media from the roll that has been 
used. In a manner analogous to the analysis of information 
stored in the cartridge memory element 78 regarding the 
amount of ink expelled, this media information can be used 
to alert the user that there is insufficient media to product the 
next print. Keeping track of the amount of media that has 
been used can be done in a variety of ways. The printer can 
keep track of how much paper has been advanced through 
the platen while the roll 128 has been installed. 
Alternatively, a mechanism can be incorporated into the 
stand to count how many revolutions the roll 128 has 
revolved since installation. This mechanism may comprise, 
for example, a reed switch mounted to the stand which is 
actuated each time a boss or tab (not shown) on the roll insert 
134 passes the switch. Alternatively, a piece of reflective 
tape placed on the flange 136 of the roll insert 134 could be 
sensed optically by an LED/light sensor mechanism in the 
stand. With this system, the number of revolutions per- 
formed is stored in the memory element 140. 

Storage of this information in the memory element 140 
(rather than simply in internal printer memory) provides a 
significant advantage. Thus, the roll may be removed before 
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it is empty if it is desired to use the printer with other media, 
or the roll may be removed from one printer and used on a 
different printer. In these cases, the printer reads the infor- 
mation from the memory element attached to the media roll 

5 to obtain information regarding the amount of media 
remaining on the roll that has been installed, even if a 
portion of the paper has been used in prior operations on 
another printer. 
Thus, a printer with intelligent cartridges, media, and 

1° environmental sensing can be used to reduce the investment 
in training and experience required to produce high quality 
prints with an ink jet printer. Parameters which may advan- 
tageously be automatically adjusted include, but are not 
limited to: setting the appropriate carriage height based on 

15 the media thickness, adjusting the cutting knife pressure, 
modifying the print data to correct for color based on 
substrate color, and adjusting the print speed depending on 
the temperature and humidity measurements. Furthermore, 
information may be made available to the operator (either 

20 through the host software or from an mTdgral printer LCD 
display) concerning ink/media compatibility, expected print 
times, print costs, etc. Furthermore, the printer can prevent, 
for example, ink-media mismatch errors from being made, 
can prevent unacceptable cartridges or media from being 

25 used, and can prevent an operator from beginning a print job 
that will not be completed without depleting the ink or media 
installed in the printer. Although the various printer features 
described above are advantageously included in a single 
intelligent printer and can work together as an integrated 

30 printer system, it will also be appreciated by those of skill in 
the art that individual aspects of the system described above, 
such as environmental sensing, or mediae or»^cartridge 
memor^elemehts^fQr : >example, can each be individually 
util iz^j^Kn^^^^ihlef *'per formance separate from a 

35 single integrated system as well. 

The foregoing description details certain preferred 
embodiments of the present invention and describes the best 
mode contemplated. It will be appreciated, however, that no 
matter how detailed the foregoing appears in text, the 

40 invention can be practiced in many ways. It should be noted 
that the use of particular terminology when describing 
certain features or aspects of the present invention should 
not be taken to imply that the broadest reasonable meaning 
of such terminology is not intended, or that the terminology 

45 is being re -defined herein to be restricted to including any 
specific characteristics of the features or aspects of the 
invention with which that terminology is associated. The 
scope of the present invention should therefore be construed 
in accordance with the appended Claims and any equivalents 

50 thereof. 

What is claimed is: 

1. An ink jet cartridge comprising: 
a housing; 

55 a first flex circuit having one or more circuit traces 
connected to contacts on a jet plate; 
a second separate flex circuit having a memory element 
mounted thereon, wherein said memory element com- 
prises a two -wire input/output interface, and wherein 

60 said second flex circuit comprises two circuit traces 
connected to said memory element. 

2. An ink jet printer capable of automatically optimizing 
printing operations according to sensed consumable 
information, said ink jet printer comprising an ink jet 

65 cartridge, a moveable print carriage, and a communication 
interface between said ink jet cartridge and said moveable 
print carriage, said communication interface comprising: 
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a first flex circuit mounted on said moveable print 
carriage, said first flex circuit comprising a plurality of 
electrical contacts; 

a second flex circuit mounted on said ink jet cartridge, 
said second flex circuit comprising a plurality of elec- 5 
trical contacts configured to mate with a first portion of 
said plurality of electrical contacts on said first flex 
circuit when said ink jet cartridge is installed in said 
moveable print carriage; 

a third flex circuit mounted on said ink jet cartridge, said 10 
third flex circuit comprising a memory element and a 
plurality of electrical contacts, wherein said third flex 
circuit is mounted to said cartridge such that (1) said 
plurality of electrical contacts are configured to mate 
with a second portion of said plurality of electrical 15 
contacts on said first flex circuit, and (2) said memory 
element is positioned to avoid interfering with the 
mating of said pluralities of electrical contacts on said 
first, second, and third flex circuits when said ink jet 
cartridge is installed in said moveable print carriage, 
whereby said communication interface is effective for 
transferring data from said memory element to process- 
ing circuitry in said ink jet printer so that print opera- 
tions may be optimized in response to said data. 

3. The ink jet printer of claim 2, additionally comprising: 25 
a roll of print media; 

a second memory element attached to said roll of print 
media, whereby print operations are optimized in 
response to data stored in said second memory element. 30 

4, An ink jet printer comprising an ink jet cartridge, a 
moveable print carriage, and a communication interface 
between said ink jet cartridge and said moveable print 
carriage, said communication interface comprising: 

a first flex circuit mounted on said moveable print 35 
carriage, said first flex circuit comprising a plurality of 
electrical contacts; 

a second flex circuit mounted on said ink jet cartridge, 
said second flex circuit comprising a plurality of elec- 
trical contacts configured to mate with a first portion of 40 
said plurality of electrical contacts on said first flex 
circuit when said ink jet cartridge is installed in said 
moveable print carriage; 

a third flex circuit mounted on said ink jet cartridge, said 
third flex circuit comprising a memory element and a 45 
plurality of electrical contacts, wherein said third flex 
circuit is mounted to said cartridge such that (1) said 
plurality of electrical contacts are configured to male 
with a second portion of said plurality of electrical 
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contacts on said first flex circuit, and (2) said memory 
element is positioned to avoid interfering with the 
mating of said pluralities of electrical contacts on said 
first, second, and third flex circuits when said ink jet 
cartridge is installed in said moveable print carriage. 

5. The ink jet printer of claim 4, wherein said memory 
element is positioned to reside in a cavity provided in said 
first flex circuit. 

6. A method of controlling print operations of an ink jet 
printer comprising the steps of: 

obtaining information indicative of a color of print media 
on which ink is to be deposited from a memory element 
attached to a carrier of said print media; 

modifying print data received from a host computer 
system to produce modified print data that corrects for 
color aberrations produced by said color of said print 
media; and 

ejecting ink onto said print media in accordance with said 
modified print data. 

7. An ink jet printer comprising: 

a humidity sensor having an output representing ambient 
humidity; 

a temperature sensor having an output representing ambi- 
ent temperature; and 

printer control electronics coupled to said humidity sensor 
output and said temperature sensor output, wherein said 
printer control electronics is configured to calculate a 
dew point from said outputs and to control printer 
operations in response to said dew point. 

8. The ink jet printer of claim 7, wherein said printer 
control electronics controls print speed in response to said 
calculated dew point. 

9. A method of controlling the operation of an ink jet 
printer comprising the steps of: 

sensing ambient temperature; 
sensing ambient humidity; 

calculating a dew point from said ambient temperature 

and said ambient humidity; and 
calculating a print speed from said dew point. 

10. The method of claim 9, additionally comprising the 
steps of: 

calculating an expected print time from said print speed 

and print data to be used in a print job; and 
displaying said expected print time to a printer operator. 
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